Background: It was to study the clinical pattern of acute respiratory failure in children from 1 month to 15 years of age and to determine the outcome of respiratory failure in relation to underlying etiology and associated factors.
Introduction
Acute respiratory failure may be defined as disruption in the function of the respiratory system that acutely impairs delivering adequate oxygen to or removing carbon dioxide from pulmonary capillary bed or both. It has varied etiologyrelated manifestations and has a high mortality in the pediatric age group [1] . The diagnosis of respiratory failure relies primarily on arterial blood gas (ABG) analysis. Early diagnosis can be made by the physician who has a high index of suspicion and who is aware of the clinical situations in which respiratory failure is likely to be a complication. If good clinical judgment and thorough knowledge of the natural history of the disease can be combined with a proper assessment of oxygenation, ventilation and acid base status, the management of many of patients can be exceptionally rewarding [2] . Careful assessment of history, complete physical examination and evaluation of laboratory parameters may clarify the diagnosis. Serial assessments of sensorium, respiratory symptoms, ABG and response to treatment provide valuable clues to determine the need for intervention [3] . Clinical signs of respiratory distress include tachypnea, altered depth of respiration, chest wall retraction, flaring of alae nasae, decreased breath sounds, grunting and cyanosis. In addition to cardiac signs like tachycardia, hypertension or bradycardia, hypotension and cardiac arrest can also be present. The diagnosis is confirmed by ABG. The recognition of respiratory failure as a life-threatening problem led to development of the concept of the intensive care unit (ICU) in modern hospitals. ICU personnel and equipment support vital functions to give patients' their best chance for recovery. Today's sophisticated ICU facilities with their novel mechanical lifesupport devices evolved as doctors and scientists learnt more Manuscript accepted for publication March 31, 2014 a and more about the cause of respiratory failure and how to treat it. In recent years, the rapid evolution of pediatric ICU (PICU) has stimulated an increasing need to understand the types of patients cared for in such units, their outcome and the services they require. In a developing country like India, very few centers are in a position to provide intensive care to the critically sick children. The present study was undertaken to determine the causes, clinical features and outcome of acute respiratory failure in children.
Materials and Methods
A prospective study was conducted over a period of 18 months on children from 1 month to 15 years of age, admitted with acute respiratory failure in the Department of Pediatrics at Dayanand Medical College and Hospital, Ludhiana, a tertiary care teaching institute in north India. All patients admitted in the pediatric emergency, with respiratory distress and/or respiratory failure at admission or within 6 h of admission, were included.
Criteria for acute respiratory failure was identified in any patient presenting with respiratory arrest or respiratory distress with SpO 2 < 90%. The ABG was done in all patients. Acute respiratory distress was defined as changes in the respiratory rate, respiratory effort and work of breathing. Presence of head bobbing, grunting, stridor, prolonged exhalation, sub-costal and inter-costal recession, and decreased chest expansion resulting from inadequate effort or airway obstruction were also included. Cardiac signs like weak and thready pulse, capillary refill time > 3 s, cold, mottled, pale or cyanotic peripheries, pale mucous membranes or nail beds, tachycardia, hypertension and cerebral signs like presence of restlessness, irritability, headache, confusion, drowsiness and seizures were also suggestive of respiratory failure. Initially all the patients were managed in pediatric emergency and later shifted to PICU. The stable patients were shifted to the ward. All patients with signs of respiratory distress were attached to a pulse oximeter and enrolled in the study if SpO2 was < 90% on room air. Outcome was assessed in terms of survival/death, and was correlated with age, gender, nutritional status, duration of ambu bag/mechanical ventilation, complications of mechanical ventilation and the primary system involved. Nutritional status was assessed according to IAP PEM classification. Z-test was used to compare two proportions of the patients and P-value was obtained to assess the significance.
Results
Out of 115 cases of respiratory failure, maximum 65 (56.52%) cases were observed in the age group of 1 month to 1 year followed by 23 (20.00%) in the age group of 1 to 5 years, 16 (13.91 %) between 5 to 10 years and remaining 11 (9.57%) in the age group of > 10 years. The mean age at presentation was 36.96 months. There were 89 (77.39%) males and 26 (22.61%) females, with male:female ratio of 3.4:1. The most common clinical feature was fever seen in 79 (68.70%) cases followed by irritability in 78 (67.83%) and cough in 42 (36.52%). Tachypnea and nasal flaring were the most common signs of respiratory distress seen in 103 (89.57%) patients each. Chest retraction was a finding in 99 (86.09%) patients and head bobbing was found in 83 (72.17%) patients. All the patients presented with pale skin color. Cyanosis was seen in 30.43% cases. The capillary filling time was also estimated and it was > 3 s in 84 (73.04%) patients.
The most common of respiratory failure in our study was bronchopneumonia seen in 49 cases (42.60%) ( Table 1 ). The hypoxic respiratory failure (type 1) was the commonest type (74.78%), followed by hypercapnic (type 2) respiratory failure in 20 (17.39%). There were nine (7.83%) cases of mixed respiratory failure (type 3 respiratory failure/combination of above two) (Fig. 1) . Outcome of acute respiratory failure has been given in Table 2 . Of the total 115 patients only 85 (73.91%) survived with 76.92% and 72.73% survival rate in the age group < 1 year and > 10 years respectively. The commonest cause of death in respiratory failure was the bronchopneumonia (50.00%) followed by sepsis in 14.29% cases. Other causes of high mortality rates were status epilepticus and diabetic ketoacidosis with cerebral edema in 14.29%. Among the malnourished children, maximum number had grade IV malnutrition and of these 42.11% expired, only 26.32% were discharged and 31.58% left against medical advice. Patient who left against medical advice was on IPPV with ambu. Type 1 respiratory failure had higher mortality rate of 13.95% as compared to patients with type 2 or type 3 respiratory failures. Of the total 115 patients only 39 (33.91%) patients received ventilatory support with 43.59% survival. Of these 17 (43.59%) patients were on ventilatory support for > 72 h with 58.82% survival which was better than in those who received ventilation for less duration. This association was significant with P-value < 0.05. Of the total 115 patients 42 patients were malnourished. Among the malnourished children maximum number i.e. 19 (45.23%) cases had grade IV malnutrition and the mortality rate increased with the grade of malnutrition (P < 0.05).
Discussion
Respiratory failure is defined as inability to meet one's need for tissue oxygenation and elimination of CO 2 , often but not always associated with distress. Respiratory failure develops when the rate of gas exchange between the atmosphere and blood is unable to match the body's metabolic demands. It is diagnosed when the patient loses the ability to provide sufficient oxygen to the blood and develops hypoxemia or when the patient is unable to adequately ventilate and develops hypercarbia. Acute respiratory failure remains a major cause of morbidity and mortality in both pediatric and adult populations. The annual incidence in the United States is as high as 150,000 cases, with mortality rates generally ranging between 50% and 70% [4] . Recent studies of acute respiratory distress syndrome (ARDS) in children report a 60-75% mortality rate [5] [6] [7] . Sepsis and multiple organ system dysfunction contribute the most to the high mortality and morbidity seen in both adults and children with ARDS.
The maximum number of patients in our study was in the age group of 1 month to 1 year. This is in accordance with study done by Karande et al [8] in which the majority of cases (52%) were in this similar age group. Similarly another study done in by Newth [2] found that in almost two-thirds of the cases, respiratory failure occurred in the first year of life. This high incidence of respiratory failure in infancy could be attributed to structural immaturity of the chest wall, respiratory muscles and the airways. This can also be explained by defining anatomic compartments and their developmental differences in pediatric patients that influence susceptibility to acute respiratory failure. Males were 3.4 times more frequently affected than females in our study. Similar results were found in a study by Fresca et al where male:female ratio of 1.27:1 i.e. male predominance was observed [9] . However, ratio in our study was high which can be due to gender bias i.e. more male patients brought to the hospital. Hypoxic respiratory failure (type 1) was characterized by PaO 2 < 50 mm Hg and was the commonest type seen in 74.78% of patients. Similar study done by Fresca et al in 128 non-neonate pediatric patients, observed that hypoxic respiratory failure (type 1) was the commonest type constituting 94.50% of total patients [9] . The most common clinical features were fever and irritability, followed by cough and cyanosis. Karande et al noticed cyanosis in 52% cases and irritability in 64% [8] . Similar study by Singhi also concluded that fever, cough and cyanosis were commonly seen symptoms of respiratory distress [10] . The common signs of respiratory distress were tachypnea, nasal flaring, head bobbing and chest retractions of which tachypnea and nasal flaring were most common seen in patients. Similar observations were made in a study by Karande et al [8] . The commonest cause of respiratory failure was acute bronchopneumonia. The overall mortality rate was 14.14%. This is not in accordance with the various studies as by Ferring et al [11] and Hussain et al [12] who reported high mortality rate in patients with respiratory failure of 28% and 52% respectively. The low mortality in present study than other studies was probably because of the factors that included early presentation of the child and hence early treatment, less number of patients with malnutrition and timely ventilation. The 58.62% of patients who required ventilator support survived. On the other hand, the patients who did not require ventilatory support, 97.14% survived. There was statistically significant correlation between the ventilatory support (including the duration of ventilator support) and the outcome. The coexistent malnutrition was associated with significantly higher mortality (P-value < 0.05). This is in accordance with the previous studies that showed that the response to treatment and outcome are affected by associated malnutrition, i.e. with increasing malnutrition there is decreased response to treatment and poor outcome [8, 13] . In summary, acute respiratory failure and its outcome were independent of age of the child. Malnutrition and type 1 failure were associated with poor outcome.
